A
ntimicrobial resistance has become a global health concern. The World Health Organization has stated that weak or absent antimicrobial resistance surveillance and monitoring systems accelerate the emergence and spread of antimicrobial resistance (see http://www.who.int/drugresistance/documents /surveillancereport/en/). One of the weak points of current antimicrobial resistance surveillance and monitoring systems is the absence of genetic data for the bacterial isolates. Microbial genotyping is indispensable for a precise understanding of the genetic lineages of clinical isolates that cause nosocomial outbreaks (1) .
Acinetobacter baumannii is one of the major multidrug-resistant nosocomial pathogens. In particular, A. baumannii epidemic clones, the so-called international clones I and II, usually show multidrug resistance, and only limited antimicrobials are efficacious for treating infections caused by them (2) . On the other hand, A. baumannii clinical isolates other than the epidemic international clones are still susceptible to several antimicrobials. The performance of appropriate precautions that target the epidemic clones is indispensable for blocking their further nosocomial transmission. Therefore, it has become very important to rapidly discriminate the A. baumannii epidemic clones from other nonepidemic A. baumannii lineages and non-baumannii Acinetobacter species, such as Acinetobacter nosocomialis and Acinetobacter pittii. In this regard, multilocus sequence typing (MLST) is indeed useful for the exact identification of the epidemic clones, which are classified into several sequence types (STs), such as ST1 and ST2, by MLST performed at the Institut Pasteur. ST1 and ST2 are also assigned to clonal complex 109 (CC109) and CC92, respectively, by the MLST of Bartual et al. (19) as reported by Zarrilli et al. (3) However, MLST of Acinetobacter clinical isolates can be performed only in limited cases of nosocomial outbreaks even in Japan, and this results in a delay in the ability to alert for the emergence and spread of epidemic clones in hospital settings. Early identification of epidemic clones of A. baumannii is very important especially in the areas where they have not been prevalent yet. Therefore, the establishment of easy and rapid genotyping methods has been much awaited.
The construction of new analytical methods that make it easy to obtain genetic information of clinical isolates in ordinary clinical laboratories is desired. We consider that the most convenient way to simplify microbial genotyping would be to display the re-sults as "1" for "ϩ" and "0" for "Ϫ", the so-called binary typing, which does not require any further handling of specimens, such as performing nucleotide sequence analyses, counting the allelic repeats, or analyzing complicated restriction enzyme digestion patterns. We previously succeeded in developing a genotyping method for Staphylococcus aureus by detecting the distribution patterns of its open reading frames (ORFs) using multiplex PCR that can be replaced with pulsed-field gel electrophoresis (PFGE) (4, 5) . In the genotyping of S. aureus, the distribution patterns of small genomic islets (SGIs) showed good correlations with the clonal complex (CC) types obtained by MLST. SGIs consist of one to several ORFs (6) . Therefore, we hypothesized that the CCs of A. baumannii and the Acinetobacter calcoaceticus-A. baumannii complex might be also estimated or predicted by detecting the distribution patterns of SGIs specific to each Acinetobacter species. The distribution patterns of SGIs can easily be visualized by agarose gel electrophoresis after multiplex PCR; therefore, clone typing of isolates can be performed in many ordinary microbiology laboratories in which equipment for only PCR and agarose gel electrophoresis is available.
In the present study, therefore, we developed a new multiplex PCR-based method for easy, rapid, and reliable discrimination of the clonal complexes of A. baumannii, especially the epidemic clones. Acinetobacter genomic species 14BJ, were used. These isolates were identified using their rpoB gene sequence (7) . Two American Type Culture Collection (ATCC) reference strains available in our laboratory (A. baumannii strains ATCC 19606 and ATCC BAA-1605) were also used. The 79 A. baumannii clinical isolates and two ATCC reference strains were analyzed by MLST. The isolates were cultured overnight on soy bean casein digest agar plates at 37°C, and chromosomal DNA was extracted with the QuickGene SP kit DNA tissue (SP-DT) (Wako Pure Chemical Industries, Osaka, Japan). MLST analysis was performed according to the protocol of the Institut Pasteur MLST databases (http://www.pasteur.fr/mlst). The clustering of related STs, which was defined as a CC, was determined with the aid of the eBURST program (http://eburst.mlst.net/).
MATERIALS AND METHODS
For Acinetobacter-specific ORF screening, Pseudomonas aeruginosa strain JCM 14847, Pseudomonas putida strain JCM 13063, Pseudomonas fluorescens strain JCM 5963, Pseudomonas stutzeri strain JCM 5965, Pseu- domonas nitroreducens strain JCM 2782, Azotobacter vinelandii strain JCM 21475, and Brevundimonas diminuta strain JCM 2788 were used as a negative control. These strains were provided by the Japan Collection of Microorganisms, Riken BioResource Center (BRC), which participates in the National BioResource Project of the Ministry of Education, Culture, Sports, Science, and Technology (MEXT). Achromobacter xylosoxidans and Escherichia coli clinical isolates were also used as a negative control. Searching small genomic islets from A. baumannii whole-genome sequences. The whole-genome DNA sequences of six A. baumannii strains, AB0057 (DDBJ/EMBL/GenBank accession no. CP001182), AB307-0294 (GenBank accession no. CP001172), AYE (GenBank accession no. CU459141), ACICU (GenBank accession no. CP000863), ATCC 17978 (GenBank accession no. CP000521), and SDF (GenBank accession no. CU468230), were obtained from an Internet database (PubMed [http: //www.ncbi.nlm.nih.gov/sites/entrez]) and compared to each other using the MBGD website (http://mbgd.genome.ad.jp/) and blastϩ (National Center for Biotechnology Information, Bethesda, MD, USA), with a tabular output option, and homologues were visualized by ACT (8) . The nonconserved regions among the six strains were identified and selected as potential SGIs. Among the selected SGIs, those containing single to several ORFs without the presence of structures resembling insertion sequences, transposases, or integrases were selected for the determination of CCs. Nonconserved regions with larger structures, such as transposons, prophages, and antimicrobial resistance islands, were excluded. The distribution patterns of the SGI candidates (Table 1) ) and the genomic data of six A. baumannii isolates mentioned in the section above were obtained from PubMed (http://www .ncbi.nlm.nih.gov/sites/entrez) and compared using blastϩ. ORFs showing high percent sequence similarities among all Acinetobacter species used in the method were selected as candidates of markers specific to Acinetobacter species. ORFs found only in A. pittii, A. nosocomialis, or Acinetobacter species close to A. nosocomialis (corresponding to strain GG2) genomes were selected as candidates of species-specific ORFs ( Table  2 ). The presence of species-specific ORFs was screened by PCR for representative isolates, including eight A. baumannii, four A. pittii, eight A. nosocomialis, and four Acinetobacter species close to A. nosocomialis.
Multiplex PCR detection of selected ORFs to identify international clones. To maximize the discriminatory power and reliability of the identification of international clones, seven ORFs in separate SGIs were selected for multiplex PCR detection in order to identify international clones with a minimum difference of two bands in the detected ORF ladder patterns of other CCs among the isolates used in this study (Table 1) .
For easy execution, the selected ORFs were detected by multiplex PCR, which we call PCR-based ORF typing (POT). The primer pairs for detecting ORFs in the seven SGIs, Acinetobacter-specific ORF, bla OXA-51 (9) , and three species-specific ORFs (Table 2) were designed for multiplex PCR detection ( Table 3 ). As ORFs in SGIs were found among A. pittii, A. nosocomialis, and Acinetobacter spp. close to A. nosocomialis, as well as for A. baumannii, the primers were designed to adapt universally to those Acinetobacter species.
Template DNAs for multiplex PCR were prepared by suspending bac- terial cells in 100 l of Tris-EDTA buffer (pH 8.0) at a turbidity of McFarland standard 0.5 to 2, heating at 100°C for 10 min, and centrifugation at 14,000 rpm (approximately 15,000 ϫ g) for 1 min. Next, POT was carried out with the four thermal cyclers, i.e., GeneAmp PCR system 9700 (Life Technologies Japan, Tokyo, Japan), Applied Biosystems 2720 (Life Technologies Japan), GeneAtlas 322 (Astec, Fukuoka, Japan), and the Thermal Cycler Dice Gradient (TaKaRa Bio, Otsu, Japan), to validate their compatibility on the same platforms. The primer mixture was prepared by mixing all primers listed in Table 3 to 100ϫ the final concentration. PCR was carried out in a 20-l mixture containing 2 l of the heat extract template DNA, prepared as described above, PCR buffer (3 mM Mg 2ϩ ), 0.2 mM each deoxynucleoside triphosphate (dNTP), 0.8 units of FastStart Taq DNA polymerase (Roche Diagnostics, Mannheim, Germany), and 0.2 l of the primer mixture. The sequences and final concentrations of the primers are shown in Table 4 ) were mixed and used as the DNA template for both the positive control and the ladder marker in PCR. The thermal conditions were as follows: 95°C for 10 min, 30 cycles at 95°C for 30 s, 60°C for 30 s, 72°C for 2 min, and then at 4°C for several hours before agarose gel electrophoresis. The PCR products (2 l) were electrophoresed on 4% agarose gels (NuSieve 3:1; Lonza, Basel, Switzerland) in 0.5ϫ Tris-borate-EDTA (TBE) at 100 V for 50 min; the bands were then visualized with ethidium bromide.
After PCR, the seven SGI ORFs were scored in the order of their PCR amplicon size, with either "1" for "ϩ"or "0" for "Ϫ" (binary code), depending on the presence or absence, respectively, of the band of amplicon DNA. These scores were then converted to decimal numbers, i.e., POT numbers. The results of each SGI binary were multiplied by 2 n (n ϭ 6 Ϫ 0) and added. For example, the binary code of ST2 (1111010) was converted to 122 as follows: 1 ϫ 64 ϩ 1 ϫ 32 ϩ 1 ϫ 16 ϩ 1 ϫ 8 ϩ 0 ϫ 4 ϩ 1 ϫ 2 ϩ 0 ϫ 1. Furthermore, each POT number was represented by a numerical label, ranging from a POT of 0 (0000000) to a POT of 127 (1111111).
RESULTS
A total of 24 SGI candidates (Table 1) were selected by comparing the whole-genome data of the six A. baumannii strains (AB0057, AB307-0294, AYE, ACICU, ATCC 17978, and SDF). Highly conserved (95 to 100% sequence similarity) DNA sequences were found in most of the SGIs of the six A. baumannii strains checked, and nucleotide sequence identities were also observed among Five ORFs, i.e., atpA, OXA-51, pittii-6, nosocomialis-3, and Asp-1, were used in the identification of each Acinetobacter isolate. b Seven ORFs, i.e., AB57_2484, ACICU_02042, ACICU_02966, ACICU_01870, AB57_3308, ACICU_03137, and AB57_0815, were used for calculation of the POT number of each isolate. c NA, not adopted.
other A. calcoaceticus-A. baumannii complex strains, although the sequence similarities ranged from 80% to 97%.
Strains belonging to the same CC showed very similar distribution patterns in 16 of the 24 SGI ORFs ( Table 1 ). The CC identities of strains belonging to the major CC were identified based on the distribution patterns of those 16 SGI ORFs. However, the distribution patterns of the 16 SGI ORFs in strains of Pasteur ST145 could not be distinguished from those of a novel ST (allele numbers 27-2v-2v-1-9-2-5).
SGI ORFs adopted for multiplex PCR amplification (Table 1) were selected according to the following principles. First, ORFs that were found exclusively in international clones I or II but were absent among most clones other than the epidemic ones were selected. The ORFs specific to international clone I were AB57_0815 and AB57_3308, and those specific to international clone II were ACICU_02966 and ACICU_03137. Thus, the international clones can be identified and distinguished by detecting the four ORFs AB57_0815, AB57_3308, ACICU_02966, and ACICU_03137. Second, three ORFs (AB57_2484, ACICU_02042, and ACICU_01870) were selected, because their distribution patterns in the epidemic clones were divergent in at least two alleles compared with those found in other nonepidemic lineages. These 3 ORFs were finally adopted to improve the discriminatory power of the test. The distribution patterns of the 7 SGI ORFs among the A. baumannii clones and Acinetobacter species are shown in Fig. 1 and Table 4 ; see also Fig. S1 in the supplemental material.
Two ORFs (atpA and sucD) were selected as the candidates for universal markers of Acinetobacter species by comparing wholegenome sequences. These alleles were found among all Acinetobacter species in the BLAST databases (whole-genome sequencing [WGS] database as of 8 May 2013) showing higher percent sequence similarities (Ͼ80%) than other orthologs. atpA was finally chosen as the marker specific to Acinetobacter species and the marker for the internal control of PCR amplification.
Genetic markers specific to A. pittii, A. nosocomialis, and Acinetobacter spp. close to A. nosocomialis were also searched for their whole-genome data. ORFs designated pittii-6, nosocomialis-3, and Asp-1 (Table 2) were finally chosen as markers specific to A. pittii, A. nosocomialis, and Acinetobacter spp. close to A. nosocomialis, respectively ( Table 2 ). The pittii-6 marker was chosen from nine candidate markers, and its specificity and sensitivity were 100% and 95%, respectively ( Table 2) . As pittii-6 was also found in A. calcoaceticus genome sequences, with an 83% sequence similarity in its nucleotide sequence level, primers were designed for the specific detection of A. pittii. The nosocomialis-3 marker was chosen from 3 candidates, and its specificity and sensitivity were 100% and 99%, respectively. The Asp-1 marker was chosen from 5 candidates, and its specificity and sensitivity were 100% and 100%, respectively.
The ladder patterns of the PCR amplicons described above were clearly distinguishable by the 12-plex PCR established as the POT in the present study (Fig. 2) . The same results were obtained by all four thermal cyclers we evaluated. To substantiate the 12-plex PCR, 44 A. baumannii strains used for SGI ORF screening were tested by both monoplex PCR and POT, and complete data agreement was observed between the two methods.
A total of 81 A. baumannii strains, which have been classified into 18 CCs by MLST, were analyzed by the POT method. International clones I and II were distinguished from other genetic lineages with more than two differences in the bands of their ladder patterns. According to the ladder patterns of seven ORFs, A. baumannii strains were classified into 17 POT types, 11 of which exhibited one-to-one correspondence to the CCs. Moreover, clinically isolated Acinetobacter species other than A. baumannii can be classified into three to five POT types at present (Table 4) .
DISCUSSION
In the present study, we first showed that the newly established POT is capable of rapidly identifying A. baumannii international clones in ordinary clinical laboratories without performing nucleotide sequencing analyses of multiple genes as with MLST. To increase the feasibility of the test, the number of SGI ORFs adopted for POT was optimized. International clones I and II were fully distinguished by this method from other clones or lineages of Acinetobacter species. Moreover, the CCs of A. baumannii can be estimated by POT. The discriminatory power of POT can be controlled by optimizing the number of ORFs and loci selected for analysis. Such a newly developed POT method that compares the distribution patterns of ORFs and/or SGIs in each clinical isolate may well promise to be an easy and rapid genotyping method for identifying bacterial genetic lineages and molecular epidemiology, which is feasible in ordinary clinical microbiology laboratories.
Indeed, several methods to identify international clones using PCR have been reported (10, 11) . However, they cannot identify newly emerging multidrug-resistant epidemic clones that might spread in the future. In fact, multidrug-resistant isolates other than the A. baumannii international clones have been reported (12) (13) (14) (15) (16) (17) (18) . The POT method constructed in the present study is applicable to the identification of new CCs of A. baumannii or A. calcoaceticus-A. baumannii complex species, including A. nosocomialis and A. pittii, in the future.
Although SGIs were first reported from Salmonella enterica in 2001 by whole-genome analysis (6), little attention has been paid to them so far. Using genomic comparisons of S. aureus strains, we found that the distribution patterns of SGI ORFs correlate with the clonal complex in S. aureus (5) . In the present study, it was also proven that the distribution patterns of ORFs in SGIs correlated well with the CCs in A. baumannii. This finding indicates that a very similar concept can be applicable even to various bacterial genera, and that close correlations between the distribution patterns of SGIs and CCs may be a general phenomenon in the microbial world. In fact, the CCs of P. aeruginosa were successfully predicted with a strategy and protocol similar to those of the POT constructed in the present study (M. Suzuki and Y. Iinuma, unpublished data). To obtain the genetic information of clinical isolates from antimicrobial resistance surveillance data, digitized numeric data provided by new genotyping methods, like the POT, contribute to easy and feasible genotyping. Since the POT is very simple and requires equipment only for PCR and agarose gel electrophoresis, this can become a routine performance method in many ordinary clinical microbiology laboratories in various countries and regions, including developing countries around the world. If many clinical microbiologists and researchers would employ the POT for genotyping of clinical isolates, they could report the genotype of each clinical isolate as a digitized numeric number, and this would make it very easy to quickly compare the genotypes of clinical isolates with those of other clinical isolates recovered in different continents or areas. Therefore, the POT would enable us to identify newly emerging genetic lineages in the very early stage of their outbreak. Present weak antimicrobial resistance surveillance and monitoring systems depending mainly on the antimicrobial resistance phenotypes of clinical isolates can be reinforced from the genetic viewpoint by using the POT instead of MLST.
